Activated carbon was prepared by Macadamia carbonaceous material with different activation condition. The macadamia shell was collected from agricultural waste of Doi Tung, Chiang Rai, located in the northern of Thailand, and then changed into carbon structure by confine space process at 500 o C for 1 h. The production yield of obtained macadamia carbon exhibited the yield produce of 31.9% from the initial moisture content of 12.3%. Prior to activation process, carbon was crushed and sieved until the particle size was in the range of less than 2 mm. In general, both physical and chemical activation process requires lots of time. Therefore, in this study, microwave irradiation at different power (90 and 360 watts) and irradiation time (1 to 5 minutes) was investigated in order to reduce the activation time. The carbon was activated by water or ZnCl 2 combined with microwave irradiation. Regardless of the activated conditions used, the results showed that the moisture content were less than 5%. The adsorptive capacity of activated carbon was measured by iodine adsorption. For microwave power input of 90 watts, the average iodine adsorption values of 680.8 and 672.4 mg/g were obtained from water and ZnCl 2 activation process, respectively. For microwave power input of 360 watts, the average iodine adsorption from water activation showed similar value (678.7 mg/g) whereas average iodine adsorption from ZnCl 2 activation increased by 5% (716.3 mg/g). The values obtained from both microwave power conditions of activation process were clearly meet the standard value of Thai industrial No.900-2547. From this results, it could be activated the carbon within 1 min by microwave irradiation. Finally, the microwave irradiation could be applied to activation process.
Introduction
Nowadays, macadamia nut has commercial importance for hill tribe in Doi Tung, Chiang Rai. It was found to improve not only life quality but also money income of local people. The agricultural waste in macadamia industry is macadamia shell which is normally deposed by heating in the furnace. Basically, agricultural wastes such as coconut shell, nut shell, mangosteen peel and etc. consist of carbon which could be used as raw materials for activated carbon. Macadamia shell is an abundant waste, which has not been utilized before. Therefore, in this study, we interested in using Macadamia shell as a raw material for activated carbon.
The activated carbon was normally used for toxic removal in waste water, gas, pollutions and etc. The microstructure (e.g. porosity, surface area and adsorption capacity) of activated carbons depends not only on the natural texture of each raw materials but also activation process. Normally, the activation process can be done by either physical or chemical method. The surface areas and porous were widely improved by carbonization and activation treatment. Further improvement can be done by designing or modification activation process. For example, carbonization at high temperature or different atmospheres (e.g. nitrogen and carbon dioxide) can improve porosity of adsorption properties [1, 2] . The suitable choice of activation process depends on equipment, energy consumption, irradiation time and etc. For example, while charcoal preparation by pyrolysis typical process was found to give high quality carbon but it required complicated set up e.g. gas feeding and high performance furnace.
In this work, the Macadamia carbon obtained from confine space furnace at 500°C 1 h was used to investigate the effect of activation process at different microwave irradiation power and irradiation time aiming at reducing the activation time. Crystal structure and morphology was studied by using X-ray diffraction (XRD), and scanning electron microscope (SEM), respectively. The moisture content and iodine adsorption of the activated carbon was also measured and then compared with the Thai industrial standard 900-2547.
Experimental procedure 2.1 Prepared Activated Carbon
Macadamia shell was collected from the Mae Fah Luang Foundation, Doi Tung, Chiang Rai located in northeast of Thailand. It was washed with water to remove dust and then dried. The carbonization was prepared by confine space process temperature 500 o C for 1 h. The obtained Macadamia carbon samples were crushed and sieved until the powders size in the range of 0.5-1.5 mm. Two activation methods: (1) physical (H 2 O) and (2) chemical (ZnCl 2 ) activation process were combined with microwave irradiation. The selected microwave power inputs were 90 and 360 watts and the irradiation time was varied from 1 -5 minutes. The H 2 O and 25 mol% ZnCl 2 were mixed with carbon powder by 3:1 weight ratio. After that, the slurries were placed in the microwave oven with the mentioned condition above. The activated carbon powders from ZnCl 2 activation process were washed with deionized water until the pH reached about 7.0. After activation process, the activated carbon powders were filtered and then dried at 60 o C 4 h.
Characterization method
The analysis of activated carbon powders was conducted by using yield percent (Yield%) and moisture content (Moisture%). The Yield% of carbonization process was calculated according to the following formula; (1) where is mass of Macadamia shell, is mass of carbon product from carbonization. The carbon was dried in the oven at 103°C and the weight was then measured every 3 h until the weight didn't change according to AWWA B604 standard. After that, the moisture content was calculated from the following formula:
(2) where is the initial weight after first drying step (60°C 4 h) and is the weight of dried samples.
The adsorptive capacity experiments were conducted by using iodine adsorption. This technique was used to indicate the adsorption capacity of activated carbon. It was determined at 300 K about 1 g for test adsorption. The iodine adsorption is an indirect method for determining the micro-pore, capacity and activity level [1] .
The presence of carbon in the activated carbon was investigated by using X-ray diffraction (XPert 100, Phillip Ltd.). The morphologies of the activated carbons were characterized by scanning electron microscopy (SEM, LEO 1455VP, LEO Ltd.). Finally, the results were compared with Thai Industrial Standards Institute No. 900 -2547.
The mass loss determined from thermogravity (TG) and derivative mass loss determined from derivative thermogravity (DTG) were measured on Macadamia shell with the increasing step of 10 o C/min from 25 to 800 o C under Nitrogen gas. Figure 1 exhibits the weight loss curve (solid line) from 25 to 800 o C. The weight loss at the beginning (< 150 o C) was most likely due to the loss of moisture in Macadamia shell. The dramatic decrease of weight loss was observed around 280 -450 o C which is likely associated with a loss of volatile matters. After that, a slight decrease of weight loss was still observed until 800 o C. DTG curve corresponded with the energy absorption while weight loss was reduced as shown in Fig. 1 . In this stage, the main compound cellulose and hemicelluloses and partial lignin was loss in from macadamia shell [3, 4] . Finally, the weight loss was slowly decreased in between 450 -800 o C. It was mostly associated the phase structure stable when compared with weight loss. The XRD result is shown in Fig. 2 . The peaks corresponding to amorphous, carbon and graphite were observed. The initial phase of carbon powder has highest intensity at 22.8 o which corresponds to carbon (JCPDF-500926) and graphite (JCPDF-020456) at 26.8 o . The XRD intensity has high broad peak in X-ray pattern that of consisted amorphous phase. The macadamia shell was transferred the carbon structure at temperature 500 o C. Normally, the organics structure was consisted carbon, hydrogen and oxygen with different structure and typically depending on raw material. The unstable carbon structure cellulose and lignin was removed by heating over than 300 o C [1] . The yield of carbon has value 31.9%. Fig. 2 XRD pattern of macadamia shell carbon. Figure 3 shows the moisture content of activated carbon obtained from two activation processes. For ZnCl 2 activation process ( Fig. 3(a) ), activated carbon obtained from both 90 and 360 watts power input exhibited similar moisture content (about 3.5-4.5%). Similar trend was observed in H 2 O activation process as shown in Fig. 3(b) . In this study, the moisture content of activated carbon from both ZnCl 2 and H 2 O activation process meets Thai Industrial standard No.900-2547 which require that the moisture content in the activated carbon should be lower than 8%. Activated carbon prepared by different activation process exhibited different adsorption properties as indicated by iodine adsorption number in Fig. 4 . The iodine adsorption number is an indication of ability of a carbon to adsorb high molecular weight substances [5] . The non-activated carbon had iodine value of 579.9 mg/g. The ZnCl 2 activation with combined microwave power input of 90 and 360 W had the average iodine adsorption number 672.4 and 716.3 mg/g, respectively as seen in Fig 4(a) . The average iodine adsorption number of water activation were about 680.9 and 678.7 mg/g for 90 and 360 watts microwave power input, respectively as shown in Fig. 4(b) . When compared to the nonactivated carbon (579.9 mg/g), it was clearly seen that the iodine adsorption number significantly increased (more than 16.0%) after the activation process used in this study. Thai industrial standard requires that iodine adsorption number should be higher than 600 mg/g. The differences of iodine adsorption number implied different activated carbon structure [6] . The result indicated that microwave irradiation can be used to improve physical properties using vibration dipole molecule liquid and ionic conduction into the wet carbon of macadamia shell [7] . The iodine absorption values were significantly affected by the microwave energy and the irradiation time during activation process.
Result and Discussion
In Fig. 5 , the morphology of some activated carbon by ZnCl 2 and water activation at 360 watts was presented. The activated carbon showed irregular granules. The microstructure showed high porosity in activated carbon. It was corresponding to microporosity in the carbon skeleton [8] . The structure was confirmed the ability for molecule adsorption of activated carbon. 
Summary
In order to prepare the activated carbon from macadamia shell, the raw materials were carbonized in confined space furnace at 500 o C 1 h. After that, the macadamia carbon was activated by using ZnCl 2 and H 2 O solution combined with different microwave irradiation condition. This study showed that activated carbon obtained from H 2 O combined with 90 watts microwave irradiation power input at 1 min irradiation time meets the Thai industrial standard No.900-2547 in terms of moisture content and iodine adsorption number. And it could be seen that the activation time was significantly reduced by using the microwave irradiation.
